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We study the semileptonic decays of B.. — B.Z"v, with the bag model, where ¢ = (e, u), B.. =
(B, B, QF,), and B, are the singly charmed baryons with J¥ = 1/2%. We obtain the decay widths of
(B - Efety,, Blfetv, Afet v, Qfetr,)=(5140.1,114£1,0.344+0.06,0.76 =0.06) x 1074 GeV,
(&, - Bety,,BEler,, Xetr,) = (514£0.6,11+1,1.540.1) x 107'* GeV, and T'(Qf, — Qe v,
e, Bler,)=(22+2,0.3240.04,0.77£0.06) x 107* GeV. We also get that I'(B,. - B.u'v,)/
I'(B.. = B.e"v,) =0.97-1.00. In addition, we discuss the SU(3) flavor breaking effects, classified
into three aspects: phase space differences, spectator quarks, and overlappings of the transited quarks.
In particular, we show that the breaking effects are dominated by the phase space differences, which can be

—

as large as 25%. Explicitly, we find that T(Ef;" - Afetv, )V /T(E, — Efetv,)V?, = 1.24, which is
expected as 1 under the exact SU(3) flavor symmetry.

DOI: 10.1103/PhysRevD.107.053008

I. INTRODUCTION

In 2002, the SELEX Collaboration reported a resonant
structure in AFK 2" and pDTK~ [1,2], which can
be potentially caused by E{.(3620). However, the same
structure was not confirmed by the FOCUS, BABAR, and
BELLE Collaborations [3—-5]. Eventually, the long-awaited
evidence finally arrived in 2017 via E/;F - A K ztz" at
LHCDb [6], where the mass is determined to be

Mz = (3621.40 + 0.72 + 0.27 £ 0.14) MeV. (1)

This encouraging finding was soon accompanied by the
lifetime measurement of Z/." [7] as well as the observation
of E/f - Efz™ [8]. One can reasonably expect much
more experimental results in the future, providing oppor-
tunities to deepen our knowledge of hadron physics.

On the theoretical aspect, the low-lying charmed baryons
are categorized by the representations of the flavor SU(3)
(SU(3)) symmetry, given in Fig. 1. Under SU(3), the
doubly charmed baryons (B,..) form a triplet, while the singly
charmed baryons (B,) consist of a antitriplet and a sextet.
Their masses and magnetic dipole moments are intensively
studied within the quark models [9-21]. In addition, to deal
with the weak decays, lots of approaches have also been
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performed [22—42]. In the diquark approach, two of the three
quarks are grouped as a diquark cluster, simplifying the
problem to a two-body one [12,13,35-37,43]. Nonetheless, it
is unclear which quarks shall form a diquark cluster. On the
other hand, the problem does not exist in the MIT bag model
(MBM), as a diquark cluster is unnecessary.

The MBM describes hadrons at rest as localized objects.
Along with the bag and zero point energies, the model is
suitable to explain the mass spectra. However, it becomes
problematic in the decays due to the unwanted center-of-
mass motion. This problem can be understood by the
Heisenberg uncertainty principle, which states that a
localized object can not possess a definite momentum.
If we treat a bag state as a baryon at rest, the calculations
will not respect the energy-momentum conservation. The
problem was tackled a few years ago by taking the linear
superposition of infinite bags in Ref. [44]. This approach
has been applied to various decay systems [45-49].

This paper is organized as follows. We present the
formalism of the decay branching fractions in terms of
the helicity amplitudes in Sec. II. In Sec. III, we give our
numerical results and compare them with those in the
literature. We summarize this work in Sec. IV.

II. FORMALISM

The effective Hamiltonian for the transitions of
¢ — f¢ v (f =d, s) at the quark level is given as

G _ i}
Hegr = 7chff7”(1 = 15)vefru(1 =vs)c, (2)
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(a) (b) (©)

FIG. 1. Quark states of the charmed baryons, where (a) represents an SU(3) - triplet with the doubly charmed baryons, while (b) and
(¢) correspond to the SU(3) antitriplet and sextet with the singly charmed baryons, respectively.

where Gp is the Fermi constant, and V., corresponds to the Cabibbo-Kobayashi-Maskawa matrix elements. The weak
transition amplitudes of the doubly charmed baryons are then given as

G - -
A(Bcc - Bchrl/f) = 7;:ch£7/”(1 - yS)I/K<Bc7 pf|fY,u(1 - yS)C|Bccv pi>’ (3)

with the baryon matrix elements parametrized by

4y
M.

l

(Ber o1y = 18)clBecs i) = 0y ) 1 () = 0 2 Fl6) + F(aP) 2

_ . q q
- ”f(Pf, ﬂf) |:yﬂg1 (612) — 10y ﬁgz(qz) + 93(612) ﬁ#} Ysui(pis 4i), (4)
1 l
where f153(¢%) and g53(¢°) are the form factors, 6 = i[y*,y*]/2, q, = p} — P, and A5;), p?(i), M ;) and uy(;) are the
helicity, four-momentum, mass and Dirac spinor of B, (), respectively.

V) , where 4, and Ay, represent the

In order to calculate the decay widths, we introduce a set of helicity amplitudes H Ay

helicity quantum numbers of B, and the off-shell W' boson, respectively. Relations between the helicity amplitudes and
form factors are given by [50]

T
2= <
I
v
B

(=ri@) -2 i)

Yy =Y (0t + ) 1)+ 1))

=Y (1, M) )+ (e ).

HYy =20, ( 9:1(4°) —M"ﬁiMfgz(qz))

iy =B (0= M) () + () ).

1= Y= (4 M) + o)) 5
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V(4)

where Q. = (M; + M;)* — ¢* and HX,(A/?,: =(-)H_ Aty The differential decay widths are given in terms of the helicity

amplitudes as [50-52]

2
o1 G

T T og? 3(2n)

Vel
f 8M2 4>

1

2q2

(4> —m2)?p ) 3m2
£ 142 (|H%1|2+|H_%_1|2+|H%0|2+|H_%0|2) +g§(|H%t|2+|H—%r|2) ,

(6)

where p = /0" Q" /2My,, H; ;, = H/‘{MW - Hf[ﬂw and my is the lepton mass.
In this work, we evaluate the form factors with the homogeneous bag model (HBM) [49]. The baryon wave functions

of B.. are given as

1 7 b4 7 apbc v b4 4 e
Bee 3) = /m€aﬂ7(]ga(x1)Czﬂ(xz)czy(?%)‘PAi(,m)(xl’x27x3)[d3x]|0>7 (7)

where ¢’ = (u,d, s) for B.. = (E;:, B, QL), ¢'" and ¢ represent the creation operators of quarks, the Latin and Greek
letters stand for the Dirac spinor and color indices, and ¥, are the spatial wave functions defined in Refs. [47-49],
respectively. On the other hand, the wave functions of B, can be found in Ref. [47].

We choose the Breit frame to calculate the baryon matrix elements, where B, and B, have the opposite velocities 7 = v2
and —v. The baryon matrix elements of the current operators are then governed by

(Bo(7), Af £ 1Y c(0)|Bee(—7), 4s) = Np N5 / LI T ) [T PyEn).

- 1 -
DZ()CA) :;/cpxqﬁj{

1 1 .
()—C) + §£A> ¢q <f - E£A>€_21Equ,

Adi o Aedi N > >\ 2i(E +E.)v-%
T (Xp) = ZNA:%/d3x¢;/1q(x+)5ﬂ5—5¢c&(x JeH BT, (8)
ke

where N 5.5, are the normalization constants, T is an
arbitrary Dirac matrix, X* =X +X,/2, ¢, are the bag
wave functions in the MBM, S., = a, + a_y%> with
ap =+/1+y* and y=1/V1—-2% and 1,.€{t.|}.
The derivations of Eq. (8) and the explicit forms of ¢,
are given in Ref. [49]. The first line of Eq. (8) is the
total overlapping between B,.. and B, induced by f7Yc(0)
at the quark level, while the second and third terms are
interpreted as
(i) The spectator quark effects are governed by D} (X, ),
which describe the overlapping of ¢ in two bag states
separated by X,.
(ii) The quark transitions are described by ijj" , where
Njc j are the spin-flavor overlapping coefficients.
In the heavy constituent quark limit (m, . — o), the
formalism is reduced to

(B.(9), 1fe(0)|Bee(=7), 1) = D NI, .

Agh

(B.(®), 177 rse(0)Bee (7). ) = D NIL . (9)
Aghe

From the angular momentum conservation, we have that

N =0 for Ay =4y # 4o =4y (10)

It states that if the baryon spin is (un)flipped by the operator,

then the spin of the quark shall also be (un)flipped. In
addition, by the Wiger-Eckart theorem, we find that
Mol Mttty

Nige =Nlmae Ny =N =Npp=nNy. (1)

Consequently, there are only two independent numbers
given as

Numip=N1+ N[, Ny =Nl (12)

which are collected in Table 1.

TABLE I. The spin-flavor overlappings of B.. — B..

c—=>s Nunﬂip Nﬂip c—d Nunﬂip Nflip

=2+t 5t =+ +

Ef - =50 V6 V6 Qf - 20 V6 V6
cc C 2 6 cc C 2 6

BEF - B _Y2  _s2 Eff-3Xf _V2 _5\/2

2 6 2 6

=+ =/0 + =0

Bl — Bl _g _%5 Qf. — Bl _% _%5
+ 0 _ 5 =+ 0 _ 5

Qcc - Q¢ 1 -3 Zee 7 Zc 1 -3
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FIG. 2. The form factors of Q. — Q. as functions of @, where the center lines and bands correspond to the central values and

uncertainties, respectively.

III. NUMERICAL RESULTS
The values of V., are given by [53]

V.| =0.987 £0.011, |Veql = 0.221 +£0.004, (13)

while the model parameters are taken as [49]
R=47+03 GeV™!, m,. = 1.655 GeV,

my g =0, mg, =0.24+0.1 GeV. (14)

Notice that B,.. and B, have different bag radii, found to be
around 4.4 and 5.0 GeV~!, respectively [54]. However, to
simplify the formalism, we take their bag radii as equal and
allow them to vary from 4.4 to 5.0 GeV~.

To illustrate the recoil effects of the form factors, we plot
those of Q. — Q. in Fig. 2. We define

M;+M7—q* 1407
2MM 2

(15)

o= =
1—v

so that the zero recoil point (¢ = gpu = (M; — My)?)
corresponds to @w = 1 for all the decays. As shown in
the figures, f3 and g, can be taken as zero practically.
The uncertainties of £, and g, are negligible at the low g>
regions, and around 10% at w = 1.06. As aresult,atw = 1,
f1 and g; are not polluted by the uncertainties of the quark
energies. However, the uncertainties of f, and g5 are large
in all regions.

The form factors of Ef" — B, at g> = 0, along with
those in the literature, are given in Table II. For com-
pleteness, we also show all our calculated values of the
form factors for Z;;" - B, with the HBM in Table III.
Note that the form factors of Z/;t — ZF and . — Z0 are

the same due to the isospin symmetry. Compared to those
in the literature, our form factors of Z/;f - A} have an
overall minus sign due to the convention on the baryon
wave functions, which does not affect the physical
quantities. Note that our results of the form factors at
g> =0 are significantly smaller than those in other
approaches.

In Figs. 3(a) and 3(b), we compare the form factors of
EF - Ef and 2 - A, corresponding to ¢ — s and
¢ — d transitions, respectively. These form factors shall be
identical in the limit of the SU(3), symmetry. The figures
show that for a fixed value of w, the form factors are

TABLE II. The form factors of Zf" calculated in the HBM,
light-front quark model (LFQM), and QCD sum rule (QCDSR)
at ¢> = 0.

HBM LFQM QCDSR
(This work) [26,42] [39,40,42]
N 0.28 = 0.05 -0.79 —0.59 £+ 0.05
RN —0.01 £ 0.01 0.008 0.039 & 0.024
o —0.16 £ 0.02 0.35+0.11
N 0.09 £ 0.02 -0.22 —0.13 4+ 0.08
LN 0.01 = 0.00 0.05 0.037 £ 0.027
S —0.21 £ 0.02 0.31 £ 0.09
oo —0.24 4+ 0.01 -0.47 ~0.3540.04
o —0.53 £ 0.05 1.04 1.15+£0.12
oo 0.03 £ 0.00 —1.40 £ 0.39
P —0.37 £ 0.05 -0.62 —0.23 +0.06
G —0.05 £ 0.00 0.05 ~0.26 £0.15
P 0.89 £ 0.06 2.68 +0.39
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approximately the same. Explicitly, their values deviate by
less than 13%. However, the phase space of the ¢ — s
transition is about 30% smaller than the one of ¢ — d. As
shown in the figures, the form factors of ZI;F — EF with
@ > 1.07 are missing as they correspond to the region
of ¢* <0.

On the other hand, to examine the spectator effects, we
plot the results of 7 — X} and Q. — Z in Figs. 3(c)
and 3(d), corresponding to the ¢ — d transition with (c, u)
and (c, s) as the spectator quarks, respectively. We find that
the form factors deviate less than 11% between the two
types of transition. We conclude that the form factors well
respect the SU(3) . symmetry if one uses the variables of @
instead of ¢°.

The total decay widths of I" are computed by integrating
Eq. (6). To further examine the results, we decompose the
decay widths into four fragments, given by

1 [i9max ) 1 [3dmax )
Pl o FLZ aqrdq ' P2 N F/é—ltvqﬁ\ax aqrdq ’

1 [90n ) 1 [ di 5
Ps_f[qz qudq . P4_I_ﬂ£z aqrdq s (16)
inax Himax
with their values listed in Table IV, respectively. The
uncertainties of P; are tiny compared to the total branching
fractions due to the correlations. In addition, we find that
except for 2f;F — Ef eTv,, the values of P, are the smallest
among the fragments. In contrast to the others, the decay
width of Zf;" — EfeTv, distributes smoothly among the
four regions.

In Fig. 4, we plot the differential decay widths. In the
high ¢? areas, the uncertainties are minor since f; and g,
have few errors, as explained at the beginning of this
section. We see that J,['(El" — Ele’r,) is much

TABLE III.  The form factors from the HBM with ) = (2/", 8" for £, = (B4, E%).

—cc

=0 4 = G =0 7 = G
R 0.45 + 0.05 1.36 + 0.00 e 0.14 + 0.02 0.38 + 0.00
fzﬁf ~0.03 + 0.00 ~0.15 +0.01 g;""_)f 0.01 4 0.00 0.03 4 0.01
FEeEe ~0.20 + 0.04 ~0.56 +0.03 P —0.28 4 0.04 ~0.79 + 0.02
s ~0.31 +0.03 ~0.70 + 0.00 e —0.49 + 0.04 ~1.10 + 0.01
= =+ = =
e —0.63 +0.07 —1.48 4 0.02 e —0.06 + 0.02 ~0.13 +0.02
2.t 0.03 +0.01 0.06 4 0.02 e 1.00 £ 0.12 2.3140.05
Jras —0.48 + 0.04 ~0.99 + 0.00 et —0.69 + 0.06 ~1.56 4 0.02
féz:.m“ ~0.93 4 0.10 —2.1740.03 gézx.~9‘) ~0.09 + 0.02 —0.20 4 0.04
ol 0.05 + 0.02 0.11 + 0.02 ot 152+ 0.18 3.51 +0.08
RN 0.28 4 0.05 1.42 +0.02 N 0.09 + 0.02 0.37 + 0.00
FEEoN —0.01 +0.01 ~0.16 + 0.01 P 0.01 + 0.00 0.02 +0.01
R —0.16 + 0.02 —0.73 + 0.06 N —0.21 4+ 0.02 ~0.91 +0.05
0:.! 0.33 4 0.05 1.41 +0.02 e 0.10 + 0.02 0.37 + 0.00
o —0.01 +0.01 ~0.11 +0.02 S 0.01 4 0.00 0.04 4+ 0.01
o —0.20 + 0.02 ~0.75 + 0.06 S ~0.26 +0.03 ~0.99 + 0.06
R —0.24 +0.01 ~0.70 + 0.00 o —0.37 +0.05 ~1.08 +0.01
o ~0.53 +0.05 ~1.65+0.7 FoE ~0.05 + 0.00 ~0.16 + 0.03
FEo 0.03 + 0.00 0.09 + 0.02 EE 0.89 + 0.06 271 +0.16
o —0.24 +0.03 —~0.70 4+ 0.01 S ~0.37 4+ 0.05 —1.08 +0.01
o ~0.56 + 0.05 —1.71 4 0.07 G —0.06 & 0.00 —0.17 +0.03
FoE 0.04 + 0.00 0.11 +0.02 g 0.97 +0.07 2.92+0.18
o ~0.38 4 0.05 ~0.95 4+ 0.03 o ~0.52 4 0.07 —1.47 4 0.05
f;st.az“ ~0.75 + 0.07 —2.2340.00 gisz.az‘g ~0.07 + 0.00 —~0.21 +0.03
5430 0.05 4 0.01 0.12 4 0.03 =X 1.26 4+ 0.09 3.67 4+ 0.07
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FIG. 3.

smoother than the others. To see the underlying reason, we
define the parity conserving and violating partial decay
widths as

aqF:PC+PV,
(17)

TABLE IV. The total and fragmentary decay widths.

The w dependencies of the B,. — B, form factors.

where in P¢yy we take g 53(f123) as zero, corresponding
to the parity conserving (violating) parts of the decay
widths. We show Pcy (Bl — EQH) in Fig. 5.

We see that Py have very different behaviors. On the
one hand, P contribute to I mostly in the low ¢ regions,
and their values decrease quickly as ¢*> goes up. On the
other hand, Py behave oppositely. In Ef, - Efetv,, the

Channels I'x 10 GeV~! P, P, Ps P,

B> Efety, 5.11 £0.64 0.25 +£0.02 0.29 +0.01 0.29 + 0.01 0.17 £0.02
Bl > Efety, 109 +0.8 0.14 + 0.01 0.24 +0.01 0.33 +0.00 0.29 +0.02
Qf. = Qlety, 22.1+£1.6 0.14 +0.01 0.24 +0.01 0.33 +0.00 0.29 +0.02
ElF > Atety, 0.34 + 0.06 0.17 +£0.03 0.26 + 0.01 0.32 +0.00 0.24 +0.04
2> Xrety, 0.76 £ 0.06 0.12 +£0.02 0.21 +£0.01 0.34 4+ 0.00 0.34 +0.03
B - ety 1.52 +0.12 0.12 £ 0.02 0.21 £0.02 0.34 +0.00 0.34 +0.03

053008-6



SEMILEPTONIC DECAYS OF DOUBLY CHARMED BARYONS IN ...

PHYS. REV. D 107, 053008 (2023)

1.6 Tt t 1.6 RN -
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=15 o5
3 3
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0.5 0.5
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q* (GeV?) q* (GeV?)
(e) ()

FIG. 4. The partial decay widths for B.. — B.e"v,, where the dashed lines and band widths are the center values and uncertainties,
while (a),(b),(c) and (d),(e),(f) correspond to the ¢ — s and ¢ — d transitions, respectively.

net result is that the tendencies of P smear out each other
in 9,I'. In contrast, the behavior of d,I" is dominated by Py
in Ef7 —» Efetv,. The sharp difference can be traced
back to the spin-flavor overlappings, where we approx-

imately have Pc o Nj g, and Py o N, . From Table I, we

see that (Ngip/Nygip)? are 1/9 and 100/36 for " — Ef
and E/;7 — =T, respectively, which explains the opposite

behaviors.

To test the lepton universality in the future experiments,
we provide the ratios of

R = 1—‘(BCC - BC/'tJrv}l)/F(BCL - Bce+v€)
in Table V. Their values are close to but below 1. Clearly, if

R > 1 in the future experiment, it will be a signal of new
physics.

053008-7



GENG, LIU, YU, and ZHOU

PHYS. REV. D 107, 053008 (2023)
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FIG. 5. The partial decay widths of P~ and P, for /" — E('He*ye.

To eliminate the uncertainties caused by V., by defining

gm = —ZF(BCC - Bce+ye)’ (18)
‘ |ch’
we find that
=t =+ =t o3
GET : GE{,_f:GAi :GE(gf =1:0.99:1.24:1.17,
=+ =+ 1 + =+ "
G Ggy: EGggf :Gg G?O : EGEEL;’
=1:099:1.01:1.30:1.32:1.31, (19)

which are all expected to be 1 in the exact SU(3)p
symmetry. As mentioned in the discussions of the form

TABLE V. The ratios R.

—cc c

factors early, the main SU(3) breaking effects come from
the phase space difference. For instance, from Fig. 4, the
phase space of /" — AJ is 1.3 times larger than the one
of 2/F — ZF, which partly explains the ratios in Eq. (19).

The computed decay widths, along with those in the
literature, are shown in Table VI, where Ref. [22] computes
the form factors by the MBM, Ref. [23] analyzes the decays
with the heavy quark spin symmetry (HQSS), Refs. [26,41]
adopt the LFQM with different sets of the parameter input,
and Ref. [42] calculates the decay widths by the QCDSR.

The decay width of 2/, — EE./He*z/g is slightly larger than
the one of Ef, — B+, as Mg+ is 2 MeV larger
than Mz- . For the ¢ — s transition, our results of the decay
widths are well consistent with the ones of the HQSS but
systematically lower than those in the LFQM [41]
and MBM [22] by a factor of 1.5. We note that in the
MBM [22], the ¢*> dependencies of the form factors are put

czs R c~d R in by hand and independent of the spectator quarks. For
ECF _’HEOZF 0.99 E;;: - ﬁg 100 jnstance, the g2 dependencies of A, — A and Ef;F — 5
See T e 0.99 Q= E 100 are taken to be the same in the MBM [22]. However, we
b > B 0.97 SR 2y 0.97 :
e 0.97 o = 0.97 emphasize that the.spectator effects of the ghgrm quark’ ‘and
Q‘; - Q‘O 0.97 Ei N 26 0.97 others are very different, as shown explicitly in Dy of
= S = S Eq. (8). The exponential factor of exp(—2iE,.vz) deviates

TABLE VI. The decay widths in units of 10714 GeV along with the ones in the literature.

B,, — B.e', This work ~ MBM [22] HQSS [23] LFQM [26] LFQM [4]1] QCDSR [42]

B> Efety, 5.11 £0.64 7.36 5.78 11.50 8.74 7.72 £ 3.70

Bl — 2ety, 5.08 £ 0.64 7.36 5.73 11.40 8.63 772 +3.70

B> Efety, 10.92 £0.81 17.56 9.64 12.80 14.30 5.31+3.52

Ef - 2%y,  10.85+081 13.02 9.57 12.70 14.10 531+3.52

Q. - Qlety, 22.09 £1.63 26.76 18.61 25.50 28.00 12.50 £ 8.02

B = Afety, 0.34 £0.06 0.46 0.32 1.05 0.80 0.76 £ 0.37

Qf - Bety, 0.32 £0.04 0.46 0.27 0.81 0.59 0.61 £0.28

Bt Srety, 076+ 0.06 0.78 0.52 0.96 1.09 0.49 £+ 0.29

Qf - Bty, 0.77 £ 0.06 0.91 0.49 0.93 1.03 0.56 £ 0.35

Ef = X0ety, 1.52 £0.12 1.50 1.04 1.91 2.17 0.99 £0.58

053008-8



SEMILEPTONIC DECAYS OF DOUBLY CHARMED BARYONS IN ...

PHYS. REV. D 107, 053008 (2023)

largely to those of exp(—2iE, 4,vz). In particular, we find
that it suppresses the decay widths by more than 40%,
which causes the deviations between the results of the
MBM and ours.

IV. CONCLUSION

We have studied the semileptonic decays of the doubly
charmed baryons. Explicitly, we have found that I'(E}" —
Erety,, Blretv,, Afety,, Qletv,) = (5.1+£0.1,11 £ 1,
0.34 4+ 0.06,0.76 £ 0.06) x 1074 GeV, T(EfL—-Ele"r,,
Eletr,,X0etr,)=(5.1£0.6,11+1,1.540.1)x 107*GeV,
and I'(Q}. —» Qletv,,Bletr,,Eetr,) = (22+£2,0.32 &
0.04,0.77 £0.06) x 10~'* GeV. We have discussed the
SU(3), breaking effects regarding the aspects of (i) the
phase spaces differences, (ii) the spectator quark effects,
and (iii) the overlappings of the transited quarks. We have
shown that the other breaking effects are negligible
compared to the phase space differences. In particular,
the form factors well respect the SU(3), relations

using @ as the variables. In addition, we have obtained
that T(E4" — Al ety )V3/T(EL" »Efetv,) V2= 1.24,
which is expected to be 1 under the exact SU(3)p
symmetry.

The behaviors of the parity violating and conserving
partial decay widths have been examined. Accordingly,
we have demonstrated that the partial decay width of
Bl - Efety, is smoother than others, which can be
testified in future experiments. We have also shown that the
spectator effects of the charm quark suppress the decay
widths by 40% and shall not be taken to be the same as the
other quarks.
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